In the three sterically congested silanes, C 24 H 38 Si 2 (1) (1,1,2,2-tetraisopropyl-1,2-diphenyldisilane), C 24 H 34 Br4Si 2 (2) [1,1,2,2-tetrakis(2-bromopropan-2-yl)-1,2-diphenyldisilane] and C 32 H 38 Si 2 (3) (1,2-di-tert-butyl-1,1,2,2-tetraphenyldisilane), the Si-Si bond length is shortest in (1) and longest in (2), with (3) having an intermediate value, which parallels the increasing steric congestion. A comparison of the two isopropyl derivatives, (1 and 2), shows a significant increase in the Si-C(ipso) distance with the introduction of bromine. Also, in the brominated compound 2, attractive intermolecular BrÁ Á ÁBr interactions exist with BrÁ Á ÁBr separations ca 0.52 Å shorter than the sum of the van der Waals radii. In compound 2, one of the bromoisopropyl groups is rotationally disordered in an 0.8812 (9):0.1188 (9) ratio. Compound 3 exhibits 'whole molecule' disorder in a 0.9645 (7):0.0355 (7) ratio with the Si-Si bonds in the two components making an angle of ca 66 .
Chemical context
The study of tetraisopropyl-and tetrakis(2-bromopropan-2-yl)-substituted disilanes is of interest due to their importance in the synthesis of bis(silanes), which are precursors for generating transient disilynes (Pichaandi et al., 2011; Kabe et al., 2000; Ando et al., 1997) . The synthesis of 1,1,2,2-tetraisopropyl-1,2-di-tert-butyldisilane and 1,1,2,2-tetrakis(2-bromopropan-2-yl)-1,2-di-tert-butyldisilane were recently reported by our group (Pichaandi et al., 2011) and the crystal structure of the former determined. However, the structure of the latter could not be solved due to its highly disordered nature, so the exact nature of the influence of the bromine atom in the isopropyl group on the disilane structure could not be determined. We report here a comparison of the structures of 1,1,2,2-tetraisopropyl-1,2-diphenyldisilane (1) and 1,1,2,2-tetrakis(2-bromopropan-2-yl)-1,2-diphenyldisilane (2), as well as that of the related 1,2-di-tert-butyl-1,1,2,2-tetraphenyldisilane (3).
Structural commentary
The asymmetric unit for 1 consists of two independent molecules ( Fig. 1) , one having an anticlinal conformation and the other a gauche conformation about the Si-Si bond. Thus, the ISSN 2056-9890 torsion angle defined by the Si-Si bond and the ipso carbon atoms of the phenyl groups are À140.15 (5) (C2-Si1-Si2-C19) for the former and 59.58 (6) (C31-Si3-Si4-C43) for the latter. In contrast, the two independent molecules in the low-temperature form of 1,1,2,2-tetra-tert-butyl-1,2-diphenyldisilane both adopt the gauche arrangement with corresponding torsion angles of À71.47 (9) and À68.61 (9) (Scholz et al., 2014) . Disilane 2 (Fig. 2) has a gauche conformation with the corresponding torsion angle being 75.55 (5) (C7-Si1-Si2-C19). The gauche conformation in 2 appears to be preferred over other conformations when the rotational barrier around the Si-Si bond is high. This trend is observed in the crowded 1,1,2,2-tetraisopropyl-1,2-di-tert-butyldisilane (Pichaandi et al., 2011) and 1,1,2,2-tetra-tert-butyl-1,2-diphenyldisilane (Lerner et al., 2001) , which both exhibit a gauche conformation. However, the sterically less hindered 1,1,2,2-tetra-tert-butyl-1,2-dichlorodisilane (Peters et al., 1998) and tetra-tert-butyl-1,2-dihydroxydisilane (West & Pham, 1991) have an anticlinal conformation, similar to 1. The higher rotational barrier in 2 comes from the presence of the bulky bromoisopropyl group.
Figure 2
Perspective view of 2, with labeling scheme and 50% probability displacement ellipsoids. Only the major orientation of the disordered bromoisopropyl group is shown.
Figure 3
Perspective view of 3, with labeling scheme and 50% probability displacement ellipsoids. Only the major orientation of the disorder is shown [symmetry code: (i) 2 À x, Ày, Àz].
Figure 1
Perspective view of the two independent molecules of 1, with labeling scheme and 50% probability displacement ellipsoids.
Compound 3 has crystallographically imposed centrosymmetry and so adopts a staggered conformation (Fig. 3) . Interestingly, in this crystal there is an example of 'whole molecule' disorder with 4% of the contents of the asymmetric unit adopting an orientation in which the Si-Si bond is inclined by approximately 66 to that of the major component. Since this work was undertaken, the structure of 3 has been reported by two different groups (Monakhov et al., 2010; Wei et al., 2014) , but only mentioned cursorily and with no discussion of structural details. The Si-Si bond lengths in 1-3 are, respectively, 2.3898 (4), 2.4746 (10) and 2.4002 (6) Å , significantly longer than the typical values for less-congested disilanes, e.g. 2.340 (9) Å in hexamethyldisilane (Beagley et al., 1971) . The longest compares favorably with those found in the sterically congested disilanes 1,1,2,2-tetraisopropyl-1,2-di-tertbutyldisilane [2.4787 (6) Å ; Pichaandi et al., 2011] and 1,1,2,2-tetra-tert-butyl-1,2-diphenyldisilane [2.4973 (8) Å ; Lerner et al., 2001; Scholz et al., 2014] , but is shorter than that in the extremely congested hexa-tert-butyldisilane [2.6863 (5) Å ; Scholz et al., 2014] . The effects of the steric congestion are also seen in the Si-C bond lengths, e.g. Si1-C2 = 1.9005 (12) Å in 1, Si1-C1 = 1.965 (3) Å in 2 and Si1-C13 = 1.9226 (12) Å in 3, all of which are significantly longer than a typical Si-C single bond (1.87 Å ; Sheldrick, 1989) . Additionally, the significant increase in the quoted Si-C bond length between 2 and 1 indicates the increase in steric congestion on brominating the isopropyl group.
Supramolecular features
In 1, the packing consists of layers two molecules thick which are parallel to (001) with only normal van der Waals contacts between molecules (Fig. 4) . In 2, the molecules form chains running parallel to the b-axis direction through weak C-HÁ Á ÁBr hydrogen bonds (see Table 1 ). These chains pair up through Br4Á Á ÁBr4 (Àx + 1, Ày + 1, Àz + 1) interactions, where the BrÁ Á ÁBr separation of 3.1755 (7) Table 2 Hydrogen-bond geometry (Å , ) for 3.
Cg1 is the centroid of C1-C6 the ring. Table 1 Hydrogen-bond geometry (Å , ) for 2.
Symmetry code: (i) x; y þ 1; z.
Figure 4
Packing of 1, viewed along the b-axis direction.
Figure 5
Packing of 2, viewed along the a-axis direction, with the C-HÁ Á ÁBr hydrogen bonds (Table 1) shown as black dotted lines and BrÁ Á ÁBr interactions as brown dotted lines.
Figure 6
Packing of 3, viewed along the b-axis direction, with the C-HÁ Á Á(ring) interactions (Table 2) shown as dotted lines. Computer programs: APEX3 and SAINT (Bruker, 2016) , SHELXT (Sheldrick, 2015a) , SHELXL2014 (Sheldrick, 2015b) , DIAMOND (Brandenburg & Putz, 2012) and SHELXTL (Sheldrick, 2008) .
Figure 7
Compounds from the database survey.
Synthesis and crystallization
Disilanes 1 and 2 were prepared according to the literature procedures (Lambert & Urdaneta-Perez, 1978; Pichaandi et al., 2011) . Colorless crystals of 1 and 2 were obtained from hexane and dichloromethane solutions, respectively. To prepare 3, a 50 ml Schlenk flask was loaded with tert-butyldiphenylchlorosilane (10 g, 37 mmol), finely cut Li wire (0.26 g, 0.038 g-atom) and 20 ml of THF under nitrogen and the mixture was stirred overnight at 298 K. The reaction mixture was then diluted with 350 ml of CH 2 Cl 2 and dilute HCl (10 ml) and 20 ml of water were added. The organic layer was then separated from the aqueous layer, dried with MgSO 4 and the solvent removed in vacuo to give 3 as a white powder. Crystals suitable for X-ray diffraction were obtained from CH 2 Cl 2 solution (yield 8.1 g, 94% 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . In compound 2, the bromoisopropyl group containing Br4 is rotationally disordered about the Si2-C16 axis in an 0.8812 (9):0.1188 (9) ratio. The two components of the disorder were refined with restraints that their geometries be comparable to one another and to those of the other three bromoisopropyl groups. Compound 3 exhibits 'whole molecule' disorder in a 0.9645 (7):0.0355 (7) ratio with the Si-Si bonds in the two components making an angle of ca 66
. The alternate location of the unique Si atom was obtained from a difference Fourier map and its inclusion in the structure-factor calculation allowed enough atoms of its phenyl groups to be located so that these could be completed and refined as rigid hexagons. Following this, the remaining atoms of the minor component could be located and they were refined with restraints that the geometry be comparable with that of the major component. In all three structures, the H atoms were included as riding contributions in idealized positions: C-H = 0.95-0.98 Å with U iso (H) = 1.5U eq (Cmethyl) and 1.2U eq (C) for other H atoms. 
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Computing details
For all compounds, data collection: APEX3 (Bruker, 2016 ); cell refinement: SAINT (Bruker, 2016) ; data reduction:
SAINT (Bruker, 2016 ); program(s) used to solve structure: SHELXT (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: DIAMOND (Brandenburg & Putz, 2012) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) . 
Special details
Experimental. The diffraction data were obtained from 3 sets of 400 frames, each of width 0.5° in ω, colllected at φ = 0.00, 90.00 and 180.00° and 2 sets of 800 frames, each of width 0.45° in φ, collected at ω = -30.00 and 210.00°. The scan time was 15 sec/frame. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma (F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Hatoms attached to carbon were placed in calculated positions (C-H = 0.95 -1.00 Å). All were included as riding contributions with isotropic displacement parameters 1.2 -1.5 times those of the attached atoms.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
0.94625 (7) 176.24 (8) Si3-C31-C36-C35 −179.32 (9) C14-Si2-C19-C20 −11.15 (13) C38-Si4-C43-C44 −6.11 (12) C17-Si2-C19-C20 −132.24 (11) C41-Si4-C43-C44 −127.00 (10) Si1-Si2-C19-C20 110.39 (11) Si3-Si4-C43-C44 117.08 (10) C14-Si2-C19-C24 169.45 (9) C38-Si4-C43-C48 175.65 (9) C17-Si2-C19-C24 48.35 (11) C41-Si4-C43-C48 54.76 (10) Si1-Si2-C19-C24 −69.02 (10) Si3-Si4-C43-C48 −61.16 (10) C24-C19-C20-C21 2.1 (2) C48-C43-C44-C45 −0.07 (18) Si2-C19-C20-C21 −177.28 (11) Si4-C43-C44-C45 −178.34 (10)
178.22 (10) Si4-C43-C48-C47 177.61 (9) 
Special details
Experimental. The diffraction data were obtained from 3 sets of 400 frames, each of width 0.5° in ω, colllected at φ = 0.00, 90.00 and 180.00° and 2 sets of 800 frames, each of width 0.45° in φ, collected at ω = -30.00 and 210.00°. The scan time was 20 sec/frame. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Hatoms attached to carbon were placed in calculated positions (C-H = 0.95 -0.98 Å). All were included as riding contributions with isotropic displacement parameters 1.2 -1.5 times those of the attached atoms. The bromodimethyl group based on C16 is rotationally disordered over two nearly superimposable sites in an 88:12 ratio. The two components of the disorder were refined subject to restraints that their geometries be comparable. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
Special details
Experimental. The diffraction data were obtained from 3 sets of 400 frames, each of width 0.5° in ω, colllected at φ = 0.00, 90.00 and 180.00° and 2 sets of 800 frames, each of width 0.45° in φ, collected at ω = -30.00 and 210.00°. The scan time was 20 sec/frame. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma (F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Hatoms attached to carbon were placed in calculated positions (C-H = 0.95 -0.98 Å). All were included as riding contributions with isotropic displacement parameters 1.2 -1.5 times those of the attached atoms. The centrosymmetric molecule is disordered over two orientations about the center in a 96:4 ratio. The two components of the disorder were refined subject to restraints that their geometries be comparable. In addition, the phenyl ring of the minor component overlapping with one from the major component was refined as a rigid hexagon. 
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